Scientists will remember Ernest Gale for his roles in emphasizing, at an early stage in his career, the chemical and enzymatic basis of microbial activities at a time when many cellular components and biochemicals were ill defined, and secondly for his leadership of a team of colleagues who investigated the molecular basis of antibiotic action and in so doing elucidated many basic aspects of bacterial metabolism.
INTRODUCTION
Ernest Gale came from a generation of scientists who were passionate about the experimental approach, were experts in their own field, carried out their own research without a team of postdoctoral assistants, yet were always ready to help students and colleagues. Research was the bread and butter of his scientific life, but training of the next generation of microbiologists to take the subject forward was vitally important too and he was always willing to be interrupted, whether in his office or more usually in his laboratory, by a scientific query. He had appreciated the help and guidance he had received as a student from Marjory Stephenson (FRS 1945) and Sir Frederick Gowland Hopkins FRS and, in his turn, realized the significance of support from on high to those embarking on their scientific careers.
He will be remembered as a quiet, gentle, fair man, scientifically honest and of great humility, similar characteristics to those of his great friend David Keilin FRS. Although gentle, he did not shrink from offering criticism directly when it was justified, even if it involved taking the side of a research student against his or her supervisor. Although he was not quite the founder of chemical microbiology, his researches took the subject of bacteriology forward into the biochemical era, and his book Chemical activities of bacteria, of which three editions were published within three years-indicating the significance of developments in this area of research-summarized the early advances he had himself made in the subject (20)*. Although he embraced new technologies with ease, his career ended just before the explosions in molecular microbiology and molecular genetics that have unravelled many of the details of the processes he had investigated.
A university exists for education, learning and research, and Ernest Gale had a passion for each of these. In this memoir I have, perhaps unconventionally, not dealt with all these aspects concurrently but have covered first his research career and then his interests in learning and education: finally I have recorded details of his national and international recognition as a scientist.
THE EARLY YEARS
Ernest Gale was born on 15 July 1914 in Luton, Bedfordshire, the only child of Ernest Francis Edward Gale, a solicitor's accountant, and Nellie Annie Gale (née Tomlin). He was brought up in Weston-super-Mare and received his secondary education at the county school, to which he obtained an entrance scholarship. He was fortunate in having a very progressive master, J. R. Hay, who taught chemistry to the sixth form: Mr Hay believed in letting the students work as and when they pleased in the laboratory and provided lists of suitable experiments for students to carry out in their own time. He first pointed out to Gale the importance of a new and growing branch of chemistry, namely biochemistry, and suggested that he might investigate the possibility of reading it at university. Gale became the first student from the school to gain a scholarship to Cambridge at St John's College, which he entered in 1933. Cambridge was to become his academic base throughout a scientific career full of honours. He married his childhood sweetheart, Eiry, in 1937, a devoted partnership that lasted for 66 years (figure 1).
DOCTORAL STUDIES
Ernest Gale graduated in 1936 in biochemistry at Cambridge University. During his undergraduate years he had been impressed by Dr Searle, who ran the practical classes in experimental physics in the Cavendish Laboratory and who insisted on experimental observation and the accurate keeping of notes, factors that were characteristic of Gale's career. After graduation he obtained a grant from the Medical Research Council (MRC) to work as an assistant to Marjory Stephenson, who was in the process of revising her monograph entitled Bacterial metabolism (Stephenson 1939 ). Stephenson, together with Gowland Hopkins (figure 2), had a marked influence on Gale, instilling in him a respect for microorganisms and a pleasure in experimentation: she was outspoken and forthright, critical of the failings of her colleagues but extremely kind, helpful and understanding towards those in difficulty. Relatively little was known of the intermediary metabolism of microorganisms and nothing of the mechanisms of biosynthesis of amino acids or nucleotides, let alone proteins or nucleic acids. One of the main problems hindering the research was the difficulty in breaking bacteria without inactivating their enzymes; consequently, few studies had been carried out in cell-free systems.
Microbiological research focused on the overall activities of different enzymes and the effects of changing environments and growth conditions on those activities. For his PhD research Gale worked with Stephenson on adaptation and the breakdown of amino acids (1-3). He demonstrated that the utilization of galactose increased 40-fold in Escherichia coli (then Bacterium coli) when the organism was grown in the presence of galactose, and he described galactozymase as an adaptive enzyme (1). In a subsequent series of papers describing his work that was awarded a PhD in 1939 he investigated the deamination of a range of amino acids by a variety of mechanisms including oxidative, dehydration and desaturation mechanisms (2) (3) (4) 
THE MARRIAGE OF BACTERIOLOGY AND BIOCHEMISTRY
For at least two decades Gale worked with washed and concentrated bacterial suspensions in simple incubation media to study the effect of changes in pH, oxygen tension, the presence or absence of substrate during growth, temperature and inhibitors on the chemical activities of bacteria. The development of a range of mechanical, chemical and vibrational methods of cell breakage resulted in individual enzymes being studied, particularly a range of deaminases and amino acid decarboxylases. He demonstrated that the enzyme activities present were strongly dependent on the pH of the medium; whereas growth in neutral or slightly alkaline media resulted in deamination of amino acids, growth in acid media led to decarboxylation to the corresponding amines. The age of the culture also had a profound effect on these activities, which were absent during the early stages of growth. By 1940, just four years into his research career, he had published two short series of papers, 'Factors influencing bacterial deamination' (2) (3) (4) and 'The production of amines by bacteria' (5-7), as well as individual papers on specified enzymic activities and his first review (8) , which summarized his views on how he envisaged chemical microbiology might develop.
In a significant second review in 1943 (9) Gale wrote:
The study of the metabolism of bacteria differs from that of the animal tissue cell in that the physical and chemical conditions holding in the environment in which the bacterial cell is formed have to be taken into account. The animal tissue cell is formed and metabolizes in an environment which is stabilized within narrow limits compared with the wide range of temperature, pH, oxygen tension and chemical conditions to which bacteria are subjected and under which they can exist and multiply satisfactorily. The animal body is a highly evolved system which has acquired complex regulating systems ensuring that its constituent cells shall not be subject to any gross changes. The bacterial cell belongs to a form of existence which has evolved few, if any, mechanisms for the control of its external environment but which reacts to a change in physico-chemical surroundings by an alteration in its enzymic constitution so that the resultant change in the internal environment shall be as small as possible and so that the cell can continue to metabolize under the changed conditions.
He continued:
It is intended to draw the distinction here between the potential enzymic constitution, representing the repertoire of an organism, and the actual enzymic constitution which is that section of the potential constitution which is produced in response to a given set of growth conditions. The factors controlling this selection include i) the chemical constitution of the medium, ii) the physico-chemical conditions during growth and iii) age of culture. Such studies give rise to the idea of adaptive enzymes, formed only when growth takes place in the presence of the specific substrate: they are formed only when required whereas constitutive enzymes are formed whether growth occurs in the presence or absence of substrate.
Gale left it to Monod and his colleagues at the Pasteur Institute to sort out the mechanism of enzyme induction (Monod et al. 1963 ).
MEDICAL RESEARCH UNIT FOR CHEMICAL MICROBIOLOGY
The group in which Gale was working, led by Marjory Stephenson, was small but very active and it became established as the Medical Research Unit for Chemical Microbiology (the MBU) in 1944. His interest in the catabolism of amino acids led naturally to his research on the assimilation of amino acids, including their transport, biosynthesis and incorporation into proteins, studies that would be carried out over the next two decades. This was a very productive period and Ernest Gale isolated and purified several amino acid decarboxylases (10) (11) (12) (13) (14) 17) , each specific for a different substrate. During the purification procedure of four of the enzymes the protein was resolved into the apoprotein and a cofactor that Gale termed codecarboxylase, which he identified with James (later Sir James) Baddiley (FRS 1961) as pyridoxal phosphate (15) . His research on amino acid decarboxylases led to a rapid and accurate method for estimating free amino acids in protein hydrolysates (16). In turn this facilitated study of the movement of amino acids into and out of bacterial cells. Using naturally occurring amino acid auxotrophic strains of Staphylococcus aureus, he showed, by using the manometric estimation of carbon dioxide released, that large intracellular amounts of amino acids could be accumulated. He soon realized that amino acids entered bacteria by different mechanisms (28), demonstrating that the uptake of glutamic acid was active (19) and required energy, whereas lysine entered by diffusion (23).
During his first visit to the USA in 1948, in discussion with microbiologists and biochemists he learnt that 14 C-labelled amino acids were being used in metabolic studies and yielding impressive amounts of information. On return to England his proposal to Amersham that they might produce radiolabelled amino acids by growing Chlorella in 14 CO 2 was met by the comment that there would be no scientific market or commercial future for such esoteric products! However, when Gale became Secretary of the MRC Committee for Chemical Microbiology he returned to the idea and with the support of the other members, including Sir Charles Harington FRS, eventually persuaded Amersham to take up the suggestion. Gale's friend Sydney Elsden was instrumental in determining the conditions for successful culture of Chlorella.
THE ANTIBIOTIC ERA
However, there were other, potentially more applied, interests in addition to his purely academic studies. During World War II Gale had been sent a small sample of penicillin by ICI, but before he had used it in laboratory experiments to study its effect on amino acid metabolism he received an urgent request from a clinical colleague to use the penicillin for the treatment of a staphylococcal infection in a nurse who was dying. Administration of the penicillin produced a dramatic improvement in the nurse's clinical condition, but there was insufficient antibiotic to continue treatment and she died. The experience had a profound effect on Gale. Prompted by his realization that more people had died in World War II from infection than on the battlefield itself, the main thrust of his research became directed towards elucidation of the mechanism of action of new antibiotics that were becoming available. Early studies showed that the sites of action lay in structures (cell walls, membranes and ribosomes) and processes (protein and nucleic acid biosynthesis) for which little biochemical knowledge was available. Consequently the research of the laboratory progressed in two parallel but connected lines: microbial structure, organization and biosynthesis (29), and the actions on these of various antibiotics (25). Because the work was concentrated on clinically useful drugs, the underlying research was also an exercise in comparative biochemistry. The earlier, simple experiments identified the general action of an antibiotic, for example chloramphenicol's inhibition of protein synthesis (31), but it was many years before the molecular and selective nature of the action was understood. During this period Gale made regular visits to the main pharmaceutical laboratories in the USA to learn about new products. The 1950s were the days of simple screening for antibiotics derived from countless organisms isolated from every conceivable environment. The drug companies were not interested primarily in modes of action-they were doing well from empirical screening-and were prepared to supply Gale with substantial samples of newly isolated antibiotics. On his return to Cambridge he would present the latest compound to a new research student with the encouraging phrase 'your PhD is in this bottle', which, being translated, meant 'determine the mode of action of this compound'. My own 'gift' was an impure pink powder named vancocin, later vancomycin; we were naturally unaware at the time that this compound would become the antibiotic of last resort for more than two decades in the treatment of MRSA (methicillin-resistant, or-more correctly-multiply-resistant, Staphylococcus aureus), the so-called super-bug.
The setting up of the Sub-Department of Chemical Microbiology arose from the need to understand more detailed aspects of the structure of microorganisms and the ways in which antibiotics worked, particularly those sufficiently selective to be useful in a clinical context. Many of the early studies gave misleading results, among them the finding that penicillin inhibited the active accumulation of glutamic acid by S. aureus (18). Gale trained the organism to grow in increasing concentrations of penicillin, leading eventually to a highly resistant organism with many of the features of the Staphylococcus except that it had become Gramnegative and no longer required amino acids for growth (21). It was thought at the time that resistance resulted from the loss of the requirement to transport glutamic acid into the bacteria, although in hindsight it is more likely that changes in the chemistry of the cell envelope prevented penicillin from reaching its target sites, which were not fully identified until the mid 1970s by Brian Spratt (FRS 1993) (Spratt 1975 ). However, Gale was aware that the prevention of assimilation of amino acids was not necessarily the primary action of penicillin. He also realized that although his experiments resulted in a certain insight into the nitrogen metabolism of Gram-positive bacteria, they had, at the same time, raised many new problems to be investigated. He concluded in one of the Herter lectures (22) that it is one of the delights of scientific research that the answer to each problem raises new ones, and that, as we pass each stage in our enquiry, we observe that evolution of knowledge which is described in the words of Spencer as a 'change from a relatively indefinite incoherent homogeneity to a relatively definite coherent heterogeneity'.
Starting in the late 1940s Gale published a large number of papers with the general title 'The assimilation of amino acids by bacteria', beginning with the incorporation of glutamic acid into 'combined glutamate', a term that included incorporation into peptides such as glutathione, the polyglutamate of folate coenzymes and the pentapeptide side chain of peptidoglycan precursors as well as protein biosynthesis. He soon discovered that there was an increase in protein content when all amino acids were present in the incubation and an increase in nucleic acid content if a mixture of purines and pyrimidines was included (27). Protein synthesis was also increased under this condition, which enabled him to show a correlation between the rate of protein synthesis and the nucleic acid content of cells. He continued these investigations by including a range of antibiotics in the incubations, demonstrating that chloramphenicol, aureomycin and terramycin inhibited protein synthesis, whereas penicillin had little effect on the process (26). By 1952 he had already outlined a number of ways in which bacteria could become resistant to antibiotics, including 'the ability to destroy or inactivate the drug; modification of surface structures to stop penetration; acquisition of an alternative metabolic pathway; an increase in the concentration of the natural antagonist (for inhibitors that acted competitively); and mutation of the enzyme inhibited by the antibiotic' (24). Most of these mechanisms are still relevant, although in the succeeding half century others have been discovered, notably the active export of some drugs, and most have been described in intricate molecular detail. THE CENTRAL DOGMA: DNA MAKES RNA MAKES PROTEIN During the later 1950s Ernest Gale continued to work on the involvement of RNA in the incorporation of amino acids into protein with the use of his disrupted staphylococcal preparation. At that time it was not possible to separate the different types of RNA, but he saw clearly that there were separate effects, that a labile form of RNA was involved in enzyme induction and synthesis, and moreover that DNA was responsible for organizing the involvement of RNA in protein synthesis (30). With hindsight it is possible to distinguish between the effects of messenger RNA and transfer RNA in the results that he obtained, but at the time they were part of a lively controversy. Within a few years, partly as a result of a combination of improved technology including high-speed, refrigerated, centrifuges and improved (more delicate) methods of breaking E. coli, ribosomes and ribosomal subunits had been isolated, polysomes, mRNA and 20 different tRNAs had been recognized, and the first triplet codon had been identified by Nirenberg & Matthaei (1961) . In a mammoth chapter on protein synthesis in The bacteria, a series of volumes covering the current status of microbiology, Gale introduced the subject in the following way: 'The present is not a good time to attempt a synthesis of knowledge or a forecast of mechanisms as we are only now beginning to learn some of the facts and to see the nature of past misinterpretations'-possibly a personal criticism of some of his early suggestions based on experimental observations-but at the end of a masterly and comprehensive review he concluded, tongue in cheek, 'Papers are appearing in rapid profusion, while the clearest expositions, with the farthest flung deductions, appear in the daily newspapers' (34). The unravelling of protein synthesis and the roles of DNA and RNA were certainly of popular interest at the time.
As his staphylococcal preparations diminished in activity as a result of the more drastic breakage achieved by the higher-powered sonicators, Gale retreated from the mainstream of research on protein synthesis and instead became determined to unravel a specific factor that seemed to stimulate the incorporation of glycine in S. aureus (32, 35) . This turned out to be a disappointing avenue of research, although it led to some interesting findings on the role of lipids in amino acid transport in staphylococci (37).
Gale then turned his attention to studies of lipid metabolism in S. aureus and the action of antibiotics active against the cell membrane. In an interesting diversion from the main thrust of his investigations he studied the effect of heroin and other morphine derivatives on this and other processes in S. aureus and concluded that the antibacterial effects were unrelated to the effects of morphine derivatives in humans (38, 39). The bottle of heroin had languished in the basement of the department for almost half a century after its use to resolve L-and D-isomers of amino acids, but it had disappeared, been recovered by the London police and been returned to the department for disposal. Stories circulated around the Biochemistry Department that Professor Gale was trying to create junkie bugs and that the rats in the sewers into which the waste pipes entered were having a great time as a result of their daily supply.
Ernest Gale was always happiest when doing experiments: he would dispose of all the MBU administration before the arrival of his scientific assistant and would work alongside her throughout the day, carrying on with the routine chore of counting radioactive samples manually with a Geiger-Müller tube and scaler after she had left. He did not leave until he had written up the results that had been obtained that day. Even when deputizing as Head of the Department of Biochemistry he did not allow the burden of administration to dominate his activities, and he set aside at least one day a week to spend exclusively in the laboratory. A disastrous fire in 1974, which started on the floor below the MBU in the Wellcome wing of Biochemistry, into which the group had moved from the hut in 1963, seriously disrupted the work of the unit because several of the laboratories were totally wrecked. If the fireman had realized there was a hydrogen cylinder adjacent to the position where the fire funnelled into the MBU, they would not have entered the Unit and the entire building might well have been decimated had the cylinder exploded. Throughout his career Ernest embraced new ideas and technologies with a mental agility that was enviable. Although money for consumables was always tight, he somehow obtained grants to purchase only the second scintillation counter to be imported into the UK, an equally early model of a gas-liquid chromatograph and an automatic amino acid analyser-machines that were vital for keeping up with the increasing speed at which research was progressing.
ANTIBIOTICS AND ANTIFUNGALS: TARGETS AND RESISTANCE
Early studies of antibiotic action had been carried out with a view to the design of second-generation molecules that would be more effective than the original molecules obtained from the producing organism. With the exception of the ȋ-lactam antibiotics, in which most of the improvements in activity were brought about by chemical alteration of various parts of the molecule, virtually no advances were made in this area; this led Gale to write in 1960, 'The antibiotics have proved of far greater use as tools for metabolic investigations than have the investigations themselves proved to be as guides to better drugs' (33). As proof of this, many of the details of protein and peptidoglycan biosynthesis were worked out as a result of antibiotics inhibiting specific and previously unknown steps in the processes. He soon realized that a full description of the mode of action of an antibiotic, including its interaction with its target, would require investigations at the biochemical, cytological, molecular biological and genetic levels and that cooperation would be required between experts in different biological departments, a process that he was also exploring with regard to teaching.
Although he still had several years of research ahead, Gale used the occasion of giving the Linacre Lecture to his own college, St John's, to look back over the previous 25-30 years of his career. He began it in typically honest fashion: 'I, my colleagues and our research students'-always ready to give credit to others and not claim it all for himself (40). He continued, 'There are five objectives in carrying out mode of action studies of antibiotics', and then summarized them (40):
(i) to define the component or reaction attacked by the drug in the sensitive cell; (ii) to explain the selective nature of this action of the drug; (iii) to define the molecular basis of the reaction between the drug and its receptor in the cell; (iv) to improve the selective efficiency of the drug by suitable chemical modification; (v) 
to develop new drugs on a rational basis as a result of the information gained in (i)-(iv).
Sadly, 35 years later, the design of drugs on a rational basis remains a distant possibility. Stimulated by a request from the MRC, Gale then changed the direction of his research from studies of antibacterial agents to a study of the action of antifungal drugs: the prospect appealed to his sense of working on basic scientific problems that had direct medical relevance, just as it had 25 years earlier when he began research on antibacterial drugs. Transplant therapy was in its early stages and it was realized that immunocompromised patients were particularly susceptible to fungal infections from which they were dying. For his last 10 years in the laboratory he studied the effects of polyenes in Candida albicans, concentrating on phenotypic resistance which developed in stationary-phase cultures. In collaboration with his colleagues he demonstrated that the increasing complexity of the ȋ-glucan framework in the Candida cell wall posed a progressively more effective barrier to the passage of polyenes to their targets in the membrane (42). His research career thus began and ended with studies of the age of culture effect; as he himself concluded, 'So my research has been nicely rounded off. ' However, before his research had been 'rounded off' he published The molecular basis of antibiotic action, which he wrote with four of his former students and colleagues (Mark (later Sir Mark) Richmond (FRS 1980), Eric Cundliffe, Peter Reynolds and Michael Waring) who had all graduated at Cambridge and taken their PhD in his sub-department. The first edition was published in 1972 but Gale encouraged and persuaded his co-authors to write a much expanded version with largely new material; this was published in 1981 (41) and was widely accepted as a classic text, testimony to how the original principles of chemical microbiology shaped a scientific discipline in the second half of the twentieth century. In many ways this book and Chemical activities of bacteria are a fitting and lasting tribute to his expertise and are an appropriate obituary in themselves.
GOVERNMENT SCIENTIFIC PLANNING AFTER WORLD WAR II
The decision to work on antibiotics dovetailed well with government thinking. In 1946-47, in the light of the apparent failure of British scientists to exploit the discovery of penicillin during the early part of the war, a Parliamentary Advisory Committee was set up under Lord Hankey to advise on the teaching of and research in microbiology in Britain. It proposed that a group with these aims should be established, and the Unit at Cambridge was suggested as an appropriate focus for such a development. Lord Hankey and Sir Paul Fildes FRS visited Cambridge and discussed the proposal with the university and the MRC. The university agreed to provide a teaching post, equipment and supplies, while the MRC agreed to fund the construction of a temporary hut alongside the Biochemistry Department building and to allow members of the Unit staff to carry out more teaching than was then usual. The university also agreed to a new third-year course in the Natural Sciences Tripos to be run in parallel with the existing Part II course in biochemistry. The hut was built during 1947 (figure 3) and opened by Sir Paul Fildes in 1948; the first Part II course in biochemistry (microbiology) started in that year. Unfortunately Marjory Stephenson died at the end of 1948 but was able to see the start of the new course and also the publication of the third edition of Bacterial metabolism, which was used as the main text for the subject.
154
Biographical Memoirs The Unit collaborated with members of staff in pathology, botany and parasitology to provide practical and theoretical teaching in the new Part II course, which ran in parallel with the Part II course in biochemistry; the material covered included bacteria, fungi and trypanosomes and consisted mostly of microbial metabolism, whereas the biochemistry course dealt mainly with mammalian metabolism. The two courses ran for five years but were very time-consuming for the staff, and the students tended to be overtaught in both. The natural solution was for the two courses to be merged with a basic biochemistry course supplemented with sufficient microbiology for biochemists to understand the similarities and differences between eukaryotic and prokaryotic metabolism. At the same time a postgraduate course in chemical microbiology was started for those students who wished to progress to a PhD in the subject. Each member of staff (university or MRC) was responsible for giving one or two weeks of practical instruction covering the isolation of a specific organism, growth characteristics in simple or complex media, chemical and physical fractionation, net synthesis of nucleic acid and protein using chemical assays, the synthesis of protein and nucleic acid by the incorporation of radiolabelled isotopes, chromatography, electrophoresis, and so on. Each student working with 'their' specific isolate was exposed to the complete range of biochemical experiments that could at the time be carried out with bacteria. At the end of each section of the practical the students gave a report at which all members of staff were present to comment and criticize. It was a most valuable learning experience.
RESEARCH STUDENT EDUCATION
Ernest also encouraged research students to be critical in their reading of the scientific literature and instituted a Journal Club. Each Friday lunchtime a member of staff, including himself, or a student would outline one paper or a series on a specific research area and either introduce an interesting topic outside the immediate research interests of the Unit, describe a new technique that had been developed or consider a paper in detail, criticizing the methodology, arguments or conclusions where appropriate. On one of these occasions I had been highly critical of a paper published in Biochemical Journal. A few weeks later, Gale asked me to read a chapter in a PhD thesis he had been sent to examine and I confirmed that the data presented in the chapter had formed the basis of the paper that I had criticized. At the end of the ensuing PhD oral examination in which he had pointed out the incorrect conclusions, Gale handed the student the thesis and a pair of scissors and commented that if the offending chapter were physically removed from the thesis, he would recommend the award of the PhD. Needless to say, the student complied. Gale was not prepared to overlook poor science even at the expense of embarrassing his friend and co-examiner, who had also been co-author of the published paper. The educational aspects of the Journal Club that had been instituted by Gale taught students the importance of scrutinizing the methodology used in the investigation and not simply accepting at face value the conclusions outlined in the abstract. Ernest's scientific honesty was exemplary. As a PhD supervisor his aim was to instil an ability in his students to think for themselves: he had an uncanny ability to guide while allowing the student the freedom to explore without undue pressure. He would even support a student who objected to a directive from a supervisor, again believing that the student should determine how the research should progress and should be free to follow through their ideas. He resolutely declined to allow his name to be included as a co-author of papers written by his students: his philosophy, instilled in him by Gowland Hopkins and to which he held to the end of his career, was that the scientists who had carried out the experimental work should take the credit, or the criticism, for their publications. 'Ideas and theories are useful as long as they are not disproved by experiment and I believe that the man (or woman) who does the experiments should have the credit for their results. ' Ernest was very supportive at conferences and encouraged all the students to give oral presentations from an early stage in their studentships. In the very cold winter of 1962/63 the Society for General Microbiology met at Sheffield in early January with an outside temperature of 7°F (ǁ14°C). While the research students bedded down in the centrally heated home of the parents of one of the students, Gale endured a virtually unheated room in a university residence. Whereas an Oxford colleague departed immediately, having taken one look at the accommodation provided, Ernest remained resolutely in Sheffield until all 'his' research students had given their presentations. At another conference the same year the students suffered the mildest of rebukes for unruly behaviour at night after Gale had sustained a verbal battering from certain other professors who had been disturbed by the antics of the students. It was the quality of the research that was of prime importance, and some letting down of the hair could be tolerated as long as proper attention was given to science.
When Gale visited the USA shortly after World War II he had been impressed by the amount of free discussion and interchange of ideas that went on informally in the laboratories, especially in the lunchtime seminar system at which students presented their work for open criticism and discussion. When he returned to Cambridge he started similar seminars in the Unit on a Saturday morning to 'receive and discuss reports on current research', with two or sometimes three people reporting during a morning session lasting two to three hours. At first everyone in the Unit, staff and students, was expected to report once a term, but as members of the teaching staff became more involved in teaching and administration the frequency of their reports was reduced to twice a year. The system meant that everyone in the MBU knew the problems and difficulties confronting the others and could offer suggestions on how to solve them. One student, researching the effects of tetracycline on the binding of aminoacyltRNAs to ribosomes, reported that the results between experiments were inconsistent. Gale insisted that he should describe in excruciating detail how the experiments were executed. It transpired that the student was so concerned about the possible chemical instability of the radiolabelled aminoacyl-tRNAs that he never completely thawed the frozen preparations but obtained just sufficient liquid for his experiments before refreezing the sample. It was an elementary error, but for that student the detailed questioning meant that he did not waste more time trying to obtain reproducible results using a flawed technique. Eventually, by popular request (or demand by wives) the seminars were transferred to Friday lunchtimes and the Journal Club sessions were abolished.
UNDERGRADUATE TEACHING
As knowledge of cell and molecular biology increased, the biological departments realized that their formal teaching of zoology, botany and physiology no longer satisfied the students and that a reorganization of the first-year courses in natural sciences was overdue. A committee was formed, in which Gale played a leading role, with representatives from zoology, botany, genetics and biochemistry, to formulate a proposal to the university. After several years of discussion in which departmental sovereignty and spheres of interest were main issues, agreement was reached not only by the individual heads of department but also by the relevant Faculty Boards. Thus it was that two new courses, biology of cells and biology of organisms, came into existence in 1966; the former was very much the brainchild of Ernest Gale. It enabled the teaching of prokaryotic and eukaryotic genetics, microbiology and biochemistry/molecular biology alongside those aspects of plant and animal biology that were classed as cellular, including some aspects of development. The separate first-year courses in zoology and botany had been attracting approximately 100 students each, with many taking both subjects, and it was hoped that the new subject would attract 200 students because all those taking the Natural Sciences Tripos (whether they were essentially physical or biological students) had to read three experimental subjects in addition to the semi-optional mathematics. In the event the subject became enormously popular and numbers increased to 350 as students reading physical sciences became aware of the multidisciplinary nature of the course and the attractions of modern biology. Gale was not content to be involved in designing the course; he took a leading role in lecturing and in planning an eight-week practical course in which microbiology, molecular biology and genetics were closely integrated. To facilitate the demonstration of technical aspects of experimental work with microorganisms, a television studio was established so that intricate manipulations could be seen clearly by all of the 120 students in the laboratory.
Gale was concerned with all aspects of undergraduate teaching, particularly the experimental side, and when the attendance of students at the Part II biochemistry practical classes fell dramatically in the early 1970s he suggested to the staff that the rather formal practical exercises and practical examination should be abandoned and that a project system should be introduced in which each student would work as they pleased on a small research problem in consultation with a supervisor, initially a member of staff. The student would write up the results in the form of a short paper and submit this to the examiners instead of a practical examination. The new system became a popular and effective way of introducing advanced students to the vicissitudes of scientific research, and it still operates today in much the same form.
SCIENTIFIC RECOGNITION This was an unforgettable experience of chaos, disorganization and frustration; the almost unbelievable complications of trying to arrange travel, tickets, passports, visas, accommodation-scarcely time to attend meetings-produced profound apologies from Thos. Cooks and something approaching an apology from Intourist.
OUTSIDE THE LABORATORY
Quite apart from his skill as a lecturer in presenting a subject clearly and concisely, Ernest Gale would give considerable thought to the title so as to draw attention to the significance of the subject. In a symposium on staphylococci and micrococci his review lecture was intriguingly entitled 'The development of a good round character' (36), a title that drew a good audience. When asked to contribute a lecture in a series on the history of science to a general audience in Cambridge he entitled his lecture 'These narrower engines', with the subtitle 'the development of microbial biochemistry'. A letter to the local paper remarked, 'What a pity that an English sub-title was given to this delightfully named "film". Surely the National Society for the Preservation of Small Gauge Railways might have been given the opportunity of attending Gale's lecture.' Ernest would have enjoyed reading the letter. However, his inclination to draw attention to the written word let him down on one occasion. Instead of referring to his hobbies and interests in Who's Who in a conventional manner he included the phrase 'dislikes gardening'. Not long after this appeared, his house was burgled and entry had been obtained by forcing a door with a spade: the local paper then printed the extremely cruel headline 'Professor who dislikes gardening burgled with his own garden spade'. In the next edition of Who's Who the 'dislike' had been withdrawn.
Ernest was a kindly and thoughtful but shy man. Although he was a Professorial Fellow of St John's College he was not considered a 'College man' and did not dine frequently in later years. When he did, he was accompanied on many occasions by his friend, Dr Guy Greville, another biochemist first at the Department of Biochemistry and then at the Institute of Animal Physiology at Babraham. From time to time, students and staff with their wives were entertained by Ernest and Eiry at their home; this was always an enjoyable and sociable event, with Eiry organizing the proceedings as the charming hostess. Apart from the Christmas festivities, the main social event in the MBU was the annual summer punt party; Ernest was in his element on these occasions, participating actively as three punts competed against each other in racing towards Grantchester and back with a leisurely break for a picnic lunch (figure 4). In retirement he spent his time in Salcombe, where he had spent many family holidays, walking and swimming, reading thrillers rather than scientific papers, and developing his considerable skills as a wood carver, particularly of animals-notably a Noah's ark complete with full menagerie for his first granddaughter. The last years of Ernest's life were unfortunately blighted by an almost complete loss of memory. To the end he remained unassuming and dignified, somewhat ironically succumbing to pneumonia that not even the antibiotics that he had studied for a professional lifetime could cure. 
